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(57) Abstract 

The present invention relates ro a method for correction of frequency, time window error, sampling clock and phase error at OFDM- 
receivers. The information which is transmitted in a signal which includes several carriers in digital forni. includes consecutive frames 
comprising 3 number of svmbols. In respective frames at least one up-chirp and one down-chirp is arranged. Correction of the frequency i.s 
made based on analvsis of the up- and down-chirps. Funher the main focus of the weighted impulse response is determined. The position 
of the mam focus is used for correction of the time window and the sampling clock. Funher the vectors from the location of the received 
carriers are reeistred in relation to their ideal location in a .matrix. The angles between :he received vector and the ideally located vector 
are determined and arc weighed together with regard to the amplitude of the transmission function at the frequency of the carrier and the 
distance of the vector to the' origin of coordinates. An average is after that made of the weighed angle distances. The obtained average is 
used for correction of (he phase "error. Funher. the knowledge of the obtained phase error and previous phase errors is used for estimation 
of the coming phase error in the foilowing reception. 
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TITLE OF THE INVENTION 



Method at OFDM-reception for correction of frequency, 
time window, sampling clock and slow phase variations. 



TECHNICAL FIELD 

The present invention relates to a method at digital 
system for correction of frequency, sampling clock and 
phase error which varies slowly with time, i.e. low- 
frequency phase noise. The receiver is a so called OFDM- 
receiver which receives digital information in frames . 



15 



PRIOR ART 



OFDM (Orthogonal Frequency Division Multiplex) is a type 
of modulation where a digital signal is multiplexed on 

:n many narrow-band carriers . The narrow-band carriers are 
packed with high density because one utilizes the fact 
that the carriers are orthogonal when the carrier 
separation is equal to 1 divided by the symbol lenght 
for rectangular symbols. The implementation of OFDM is 

:5 usually made by means of special circuits which perform 
FFT (Fast Fourier Transform). At OFDM- signal ling, 
channel coding and so called soft decoding (for instance 
Viterbi-decoding) is usually used in order to reduce the 
probability of error and make it possible to deal with 

30 frequency selective fading. OFDM combined with the 
mentioned channel coding is called COFDM (Coded 
Orthogonal Frequency Division Multiplex) . System using 
this form of signalling have of recent years been 
implemented for different types of broadcasting, i.e. 

35 one-way systems for digital broadcasting and for digital 
TV. 
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The patent document EP 448 493 describes a system for 
transmission of TV digitally. The picture informatxon is 
transmitted to a mobile user and is divided into 
parts, one is used to recreate a normal ^"P^-^^^^^^^ 
the other together with the first one to create a larger 
picture, in the document EP 441 732 is described a 
receiver for digital radio signals. The receiver 
utilizes a window method to minimize the intersymbol 
interference arising at multipath propagation. In order 
to reduce the negative effects at the loss of the 
orthogonality of the carriers at the reception the 
receiver will be equipped with a time window module 
which is used to extract usable samples from the 
received signal. 

The American document US 5 228 025 describes a method to 
transmit digital data via radio, preferably to 
.obile receivers. The method transmits a synchronization 
sequence m the form of at least one frequency which 
varies in one for the receiver known way. At the 
receiver the synchronization sequence is utilized for 
tuning the local oscillator. 

xn the first prototype for transmission and --P^^^ 
DAB (Digital Audio Broadcasting) two sync symbols are 
used. The first is called zero symbol and contains 
nothing but is used by the receiver on one hand for 
TynO^ol synchronization, and on the other for estimation 
cf interference in the channel. The second symbol 

Lsists Of a so called chirp or sine signa w.i . 

.3 a sine shaped signal, the frequency of which changes 
linearly with time and which sweeeps over the whole 
linedLj-y rf^ceiver on one hand 

channel width. This is used by the receiver o 

for adjustment of the location of the time ^^^^^^re 
, .^Vision of the received signal in segments which are 
each processed by means of FFT, and on the other for 
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estimation of the transmission function of the channel 
and estimation of deviations in the carrier frequency, 
if any. In the final DAB- specification the chirp symbol 
has been replaced by a so called TFPC-signal (Time 
5 Frequency Phase Control), also called CAZAC-symbol , 

which is used by the receiver both for timing, frequency 
adjustment and for estimation of the transmission 
function - 

10 

DESCRIPTION OF THE INVENTION /TECHNICAL PROBLEM 

Transmission of information by means of OFDM- technology 
makes quite different demands upon accuracy than in 

15 conventional systems. The normal synchronization which 
takes place between transmitter and receiver in 
conventional broadcasting systems is at transmission of 
program information in digital form with COFDM not 
sufficient. There is, accordingly, a need for accurate 

20 estimation of frequency, time window, sampling clock and 
compensation of phase noise. 



THE SOLUTION 

25 

The present invention relates to a method for correction 
of frequency, time window, sampling clock and time 
variable phase error at OFDM-reception. One from a 
transmitter transmitted signal is received by the OFDM- 

30 receiver. The signal, which is divided into consecutive 
frames, which each in its turn is divided into symbols, 
contains with certains intervals reference symbols with 
a predetermined content. Each frame is divided into a 
number of symbols which regarding time follow each 

35 other. Respective symbol is allotted a serial number, 
and the mentioned reference symbols are preferably 
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„ans,ait«ci in pairs. The receiver analyzes .he 
differen,: reference eyi^bols. The signals xn the 
: Irlnce sy^cis consist o. so -f/^ ^^^e 

1-1 ^ o-ino sweeeo signals which are sin« 
i.e. so called sine sweeep s y ^ . ,^ changed with 
3i,„ais the .regency o. whic f 

.he ti^ ^"^-^'^l:;:^: :Z\Z the highest frequency 

Z^Z ::::: LHhe other =hirp Si,nai .ro. 
::e .o-est .re,.ency --r-— f;^.. 

r;:rrr,:ri:;r^^^^^ 

aa3ust:^nt ot the ^^^^'^l^JjJJ:^ the signals o. 

rerei::/:= 

fUue window and sampling clock; can De p 

focus Of the impulse response is determined, at 
mam rocus window can be 

which the real position of the position 

Rv means of the obtained result tne p<j 
determined. By means o ^^lation to wished 

of the ti^e window is adjusted -".^^^^^^^^ ,^ 

different frequencies. For each J^^//";^^^, 
is arranged that its phase and -P^""'^^; 
be described by its real and 

modulated by the t-s are 

transmitted. The mentioned real and i g 
allotted a definite position in ^ 
„ system real and imaginary parts are 

.axe different positions which are 

— rr»'f.'r>:.:: r:r.:r„ ». ..... 



error at reception. 
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ADVANTAGES 

The indicated methcxl gives a possibility to make 
accurate adjustments of the receiver in a way which has 
not previously been possible and which gives increased 
robustness at OFDM- reception . The method further allows 
that the necessary adjustments in the receiver are 
possible to perform in a simple way. The method thus 
allows that the program transmission can be performed 
with the high precision which is expected in these 
connections . 



DESCRIPTION OF FIGURES 



15 



Figure 1 shows schematically how the receiver at first 
locates the chirp signals by means of a set of binary 
correlators and after that precision adjusts time 
window, carrier frequency and phase according to the 
20 invention. 

Figure 2 shows how the OFDM-signal is created by means 
of IFFT (Invers Fast Fourier Transform). Each entry on 
the IFFT corresponds to a carrier. 

25 

Figure 3 shows the matrix for estimation of phase error 
with points according to the 16QAM-system and 
illustrates the angle relation between the real position 
of the received vector and the ideal position. 



30 



DETAILED EMBODIMENT 



A signal sequence is transmitted from a transmitter and 
received by a receiver. The signal sequence comprises a 
number of symbols which are arranged to a frame. At the 
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2(1 



•no Of each fran-e one or more synchronization 

A ch.rp ; „ order .o det.« .he 

onan^ed linear y «... ^ ,o„eXa.ors are 

r.:"r :r<=crr/.a..o„ .or a 

.n in the receiver the symbol bi- ox 
.cu« — oo^pared a s.or.d 

^'"'rr. s .nal is compared processed 
signal. The sign ^^^^1 
through a number of XNOR-ga«s sector is 

,i.3, i.e. .he na,^n, ""^^^ ° ; The 
Obtained a. an output ^ ^^--^'^^^ ^^^^ ,,,,i„.<, in 1 

synchronization signals which at that 

■ 1 »re brought back to a frame structure 

in Figure 1 are broug 

„: "ignal in fra^ei and sy^ols, and numbers the 
incoming signal m j. frame 
individual samples within each f^^ ^t^f ,,,i3i=n of 
structure generator in this way -""^^^^ ^„ ,^,,t 
the Signal in appropriate time windows to the F J 

Transform,. The symbols "a "tgnal 

- rVr^Vl^l^^" vL^es for 

rarr::rL:urncra.. - -^--^^ 

Clocks is calculated. The transmitted sign 
transmitter has been created ^^"^^"^//^^"o figure 2. 
(inverse Fast Fourier — ^ ^^^L, Len 
Por an up-chirp signal each of "/"f =^ 
given an amplitude and phase according 

Where k ^;,r:,:r: dri-t^irp 

M 1-he number of carrieri=. 
irgiri ls elted in a similar way but with negative 

sigiidx j-^ ^-jrcK /-M The 

1-he formula becomes e /i^- 

Transform (ttij j-" 



30 gj'-^'^ 
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calculations which are performed in unit 3 in Figure 1 
implies that a multiplication by the for the carrier 
allotted inverse angle is performed by received up-chirp 
being multiplied by an ideal down-chirp, and that 

3 received down-chirp is multiplied with an ideal up- 
chirp. The in this way obtained signals, which we call 
de-rotated chirps, each constitutes an estimate of the 
transmission function of the channel. For an ideal 
channel these estimates become equal to 1 for all 

10 carriers. If a shift of the carrier frequency has 

occurred somewhere in the channel, the de-rotated chirps 
will have a remaining phase shift which is linearly 
depending on the serial number of the carrier. The 
changes get different symbols in the up- and the down- 

15 chirp. The phase positions of the de-rotated chirps are 
also influenced by frequency selective fading and by 
wrong setting of the time window, but this influence has 
the same symbol in both chirps. Therefore the carrier 
error can be extracted by subtraction of the de-rotated 

20 phase positions of one of the chirps from the other. 
Then the influence of the carrier error is doubled, 
whereas other influence is eliminated. The numerical 
value of the carrier error can in one in itself known 
way be estimated from the phase position's linear 

25 depending on the carrier number. The obtained number is 
after that utilized in an in itself known way to correct 
the frequency. 

The impulse response of the channel is obtained by an 
30 iFFT-transform on the de-rotated chirps, in order to 
reduce the influence of the noise on the main focus 
calculation the impulse response is multiplied with a 
weighting function before the position of the main focus 
is calculated. The difference between this position and 
35 a predetermined wished position constitutes a correction 
signal which after filtering controls the 
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clcc^-fraquency o£ the R/D-cc„ver«r, whi=h the 
.orLctioh value successively will be adjuste. towards 
lira, consequently the ti^ window will land up xn 
wished position- 

«e impulse response o£ the channel can be estimated 
both from received up-chirp and down-ch.rp. It xs to 
Tdv nta,e to use the sum of these two e-imates a the 
main locus calculation because an error in carrier 
Trequency will influence the position of the main focus 
!ith difLrent symbols depending on whether it is 
calculated on an up-chirp or on a down-chirp. The main 
i:^:: pLition of the sum Of the two impulse responses 
Will therefore be insensible to errors ^^^^ 
frequency because the error will neutralize itself. 

The received carriers are arranged in a -"-^^^"^ 

With respect to their imaginary "^P-^-^/^tLrtfd'an 
^.ni-^ ^rB in the complex nuiiiber plan allottea d 

Tho'?© DOXntS aie xii v.w= — r . . 

ri;::: " 

area is regarded to symbolize a -""" "/"^^^f " 
seauence. The relation of the point to the ideal 
ofition indicates an anqle relation ---^f 
, position and the real position. The -"--^^^^^ ^on. 
difference indicates th phase e r in^the^rec P^^^ 

Obtained phase errors and be •^^^^^^l'l\f:Z,,,,., 
correction of all carriers in the s^ol in quest , 
and for estimation of the expected phase error 

,^r,r. Of next symbol. It can also be used tor 
Tstra::! Of ::-/f ...^ency deviations because these 
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give rise to phase errors with constant change from 
symbol to symbol. 

The mentioned method for estimation of the phase error 
can be further developed in different ways. Two 
different improvements of the method have been 
identified. One or both improvements can be applied. 



The first improvement is based on the fact that the 

10 amplitude of the received signal on one and the same 
occasion can be of different strength for different 
carriers, frequencies. This is due to interference from 
reflections of the signal, so called multipath 
propagation, or interference from other transmitters 

!5 which transmits the same signal in a so called single 
frequency network. The carriers which are subject to 
destructive interference are weakened and get a worse 
signal/noise-relation than the other. The frequency 
depending transmission function for the channel can be 

20 calculated in the receiver by analysis of the received 
chirps. At calculation of the average of the angle 
differences the values from the different carriers can 
be weighted with the calculated transmission function at 
which angle differences from carriers with high 

25 attenuation in the channel is given a lower weight than 
those with low attentuation . The strong noise from the 
attenuated carriers can by that be made to have a 
minimal influence on the estimation of the phase error. 

30 The second improvement is based on the fact that one and 
the same noise effect in the received signal gives 
different uncertainty in the estimation of the phase 
error for signals far from or close to the origin of 
coordinates. In order to bridge this state of things the 

35 mentioned angle relations are weighed in relation to the 
distance to the origin of coordinates. 
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^ ^^d-T-icred to the above as example 
..e invention xs no. -""^^^^^ edifications 
Shown embodiment but may be suD^ec^ 

firm .he £ra^ for .he following pa.en. clai-. and 
idea of invention. 
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PATENT C3LAIMS 

1 . Method at OFDM -demodulation for correction of carrier 
frequency, phase error, time window and frequency of 

5 sampling clock, at which one at the OFDM-receiver 

received signal is divided into symbols and at defined 
intervals is allotted symbols and on defined intervals 
are allotted reference symbols with a predetermined 
content, and the signal comprises a number of carriers 

10 where each carrier is allotted a serial number and the 
reference symbols can be transmitted in pairs, 
characterized in that the received reference 
symbols are analysed in the receiver, that the contents 
of the received reference symbols with respect to time 

15 and frequency indicate how the carrier frequency in the 
receiver shall be adjusted, that the impulse response of 
the channel is calculated from the signals of the 
reference symbols at which correction of the time window 
and the frequency of the sampling clock: is performed, 

20 that the position of the complex vectors of the received 
demodulated carriers is compared with an ideal position 
at which deviation from the mentioned ideal position is 
utilized for correction of the phase error at the 
reception. 

25 

2 . Method according to patent claim 1 , 
characterized ini that the position of the 
complex vectors of the received demodulated carriers are 
arranged in a matrix system with respect to their 

30 imaginary respective real part, that each vector is 

allotted an area within which it is indicated to exist, 
and that a vector occurring within mentioned area is at 
a certain angle distance from the ideal position, and 
that the mentioned angle distance is utilized for 

35 calculation of the phase error. 
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3 Method according to any of the previous patent 

h a r a c t e r i z e d in that the amplitude 
claims, characrsj. 

th, reo.iv.d signal is different in strength for 
different carriers depending on whether the receiver 
::::i„es ^r. ...n..s. that the phase error esti^t.on 
for respective carrier is weighted depending on the 
a^litude of the transmitting function at "^'^^^ 
^quency, at which a signal with ^^^^" -^^"f " 
given a higher weighting than a signal wxth lower 

amplitude. 

„.thod according to an. of the P^^^^ 

::::::in: I tLIr amplitude, i.e. their distances fro. 
trLigL Of coordinates, are given different werghts, 
Tich wLghts compensate for the amplitude --"-"^ 
.afluence of the noise on the angle error, at whxch 
ancle distance farthest away from the orrgin of 
c^ d/nates is allotted a higher weighting than those 
Tch are close to the origin of ccK=rdinates , and that 
:::r:ction Of the Phase error rs performed correspondrng 
to the weighted angle error. 

5. Method according to any of the P-'';"-^"^^^^^^ 
claims, c h a r a c t e r i z e d rn that the latest 
obtained phase error is compared with P--°u=ly 
Obtained phase error and that the expected phase 
at reception of next sequence is calculated. 

„.thod according to any of the P^^v^us^patent^^^^^ 

rfTe'mLn l^^^ -P-^^ ----^rra! "^""^ 

is determined, which position indicates the real 
"siticn Of the time window, and that the position cf 
,he time w* ndow is adjusted in relation to the 
differ:nce"het.ween real position and wanted position .y 



30 6 
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the frequency of the Scunpling clock being adjusted in 
relation to the mentioned difference. 

7 . Method according to any of the previous patent 

5 claims, characterized in that amplitude and 
phase of the carriers in the reference symbols are 
related to the frequency of respective carrier. 

8 . Method according to any of the previous patent 

10 claims, characterized in that the contents 
of the reference symbols consist of chirp signals. 

9. Method according to any of the previous patent 
claims, characterized in that the reference 

15 symbols are transmitted in pairs at which the reference 
symbols in pairs are allotted one a up-chirp and the 
other a down-chirp. 

10. Method according to any of the previous patent 

:n claims, characterized in that amplitude and 
phase of the carriers in the up-chirps is defined by 
gjnic'/j^ and in the down-chirps by e-j-i^"/N/ where N 
represents the number of carriers, k the serial number 
of respective carrier, and = -1. 
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"^""^^"^^^ AMENDED CLAIMS • • , oo^ M Q 04 96 ) • 

r Me^ ; :oA.M-.e™d.ia.on for co^ec^S o< erne. ..qu^^. 
11 enor, window and fte<,uency of san^pling doc., a, wh.ch 
^.L OFOM-^eCv. .ecetved . divided ..o -d 

. denned in.e^ais is aUo«ed syn^bols and on deHned ..erva,^- 
ailoned reference syn>bo,s wi* a p.ede.enn^ed content, ^d *e 
.gna, con^pr^ed a nun,be. of carriers where each carr,er .s aUorted a 
L^i n Jer and *e reference symi^ols can be trans..rred . pa^. 
I receded reference symbols are analysed ^ *e rece.ver, and *e 
Tn 1 of *e received reference symbols wl* respec. .o «n,e an 
nicy U>dica.e how the carrier frequency ^ the receiver shall be 
"the Unpulse response of the channel .s calcia^d fro. the 
s,^als of the reference symboU at which correcnon of the tune 

. nd .he frequency of the samplmg clock >s performed, the 
^dow and the f'^"'^^'^ demodulated carriers is 

position of the contplex vectors of the recei 
compared with an tdeal posihon a. which deviation from 
rlned .ea. pos.t.cn ts util.ed for correct., of -^^J^^ 
the recept,on, c h a r a c t e r i . e d u, that ampl.tude and phas 
Ir^ers u, the reference symbols are related to th.e frequency of 
respective carrier. 

, Method accordu,g to patent claim - — " " ^^^^^ 
position of the complex vectors of the rece.ved ''^^"'-^ 

-™^:;:t:r:e:r:— ^^^^^^^ 
:rrer::::rd.a.avec.oroccurr.gw..n— 

, a. a certain an.le distance from the .deal pos.ncn, 
menttoned angle distance ,s uflized tor calculation of the p.ase 

3 Method according to any of the prev.ous patent ciatms, c h a r^a c t e- 

U e d tn .ha. the amplitude o, the received s.gna. ts d.f.erent ^ 
::lgth for different carriers depending on whet..er -.he receiver 

Afv^NDED SHEET (ARTICLE 191 
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receives more signals, that the phase error estimation for respective 
carrier is weighted depending on the amplitude of the transmitting 
function at current frequency, at which a signal with higher amplitude 
is given a higher weighting than a signal with lower amplitude. 

4. Method according to any of the previous patent claims, c h a r a c t e- 
r i 2 e d in that the vectors depending on their amplitude, i.e. their 
distances from the origin of coordinates, are given different weights, 
which weights compensate for the amplitude depending ir\fluence of 
the noise on the angle error, at which the angle distance farthest away 
from the origin of coordinates is allotted a higher weighting than those 
which are close to the origin of coordinates, and that a correction of the 
phase error is performed corresponding to the weithted angle error. 

5. Method according to any of the previous patent claims, c h a r a c t e- 
r i z e d in that the latest obtained phase error is compared with 
previously obtained phase error and that the expected phase error at 
reception of next sequence is calculated. 

6. Method according to any of the previous patent claims, c h a r a c t e- 
r i z e d in that the position of the main focus of the impulse response of 
the channel is determined, which position indicates the real position of 
the time window, and that the position of the time window is adjusted 
in relation to the difference between real position and wanted position 
by the frequency of the sampling clock being adjusted in relation to the 
mentioned difference. 

7. Method according to any of the previous patent claims, c h a r a c t e- 
r i z e d in that the contents of the reference symbols consist of chirp 
signals. 

AMENDED SHEET (ARTICLE 19) 
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(54) TlUe: RECEIVER AND METHOD FOR GENERATING SPREADING CODES IN A RECEIVER 

(57) Abstract 

The invention reiates to a method for 
generating spreading codes in a receiver, and a 
receiver for use in a system wherein a signal to 
be transmitted is multiplied with a code sequence 
characteristic of each connection, the receiver 
comprising means (44) for estimating a channel, 
and one or several demodulator means (46a. 
46b). and means (47) for combining signals 
obtained from the demodulator means (46a. 
46b). In order to enable the use of long codes 
and to facilitate the inumal synchronization 
of the receiver, the receiver according to the 
invention comprises a number of means (51. 
52, 56a, 56b) for generating a code sequence, 
the first means (51. 56a. 56b) producing a code 
sequence at a variable phase, and the second 
means (52) producing a code sequence the phase 
of which acts as a reference to the first means 
(51. 56a. 56b). 




Codes used to identify 
applications under the PCT. 

Atmenii 

y^L' AuitrmJia 

BE Belgiu" 

Bf Buikuu Fmo 

BG Bulf»n» 

BJ B*"" 

BR Brmiil 

BY BeUnu 

CA CiBti* 

CT CCTinl Africa! Republic 

CG Congo 

Q Caie d'lvoire 

C line root! 
C>( Chin* 

C2 Ciech Republic 

DE Gerrotny 

OK t>eniii«»t 

EE Es«o"i» 
ES Sp«u> 
yi Finliod 

GA G«Oon 



^ p,^ » C= PCT » ^ P«« - P--^- 



GB 


Unaed Kingdoni 


GE 


C«xgi» 


GN 


Guiixa 


GR 


Greece 


HU 


Hung»y 


IE 


Irelmd 


IT 


kily 


JP 


Japan 


K£ 


Kenyt 



KG KytgyttM 

KP Democmic People ' R'P"""' 

of Horem 

KR Republic of Korea 

KZ lUuUnun 

LI Licchtemiein 
LK Sri Uaki 
Ul Liberia 
LX Lithuania 

Lv; Luaembouig 

I_V Latvia 

t^Q Monaco 

MD Republic of Moklova 

V<c Madagascar 

ML Mali 

Mongolia 

MR Mauntanta 



MW 


Malawi 


MX 


Mel ICO 


NE 


Niger 


NL 


Netheriaoda 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RL- 


RuMian Fedemion 


SD 


Sudan 


SE 


Sweden 


SC 


Singapore 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 



TJ 

TT 
fA 
UG 
US 
UZ 



Tajikistan 
Tnnidad and Tobago 
Ulcraine 
Uganda 

United Staiel of Amenca 

Uibekman 

Viet Nam 



wo 96/24988 



PCT/F196/00076 



Receiver, and method for generating spreading codes in 
a receiver 

The invention relates to a receiver for use in 
5 a system wherein a signal to be transmitted is 

multiplied with a code sequence characteristic of each 
connection, the receiver comprising means for estimating 
a channel, and one or more demodulator means, and means 
for combining signals received from the demodulator 
10 means. 

The invention further relates to a method for 
generating spreading codes in a receiver, in which 
method a signal to be transmitted is multiplied with a 
code sequence characteristic of each connection, and in 

15 which receiver signal components -cransmitted with the 

desired code are sought from the received transmission, 
and the phases of the components are measured by 
correlating the received transmission with the code 
sequence generated in the receiver. 

20 The receiver and the merhod according to the 

invention can be applied especially in a cellular system 
utilizing code division multiple access. 

CDMA (Code Division Multiple Access) is a 
multiple access method, which is based on the spread 

25 spectrum technique and which has been applied recently 

in cellular radio systems, in addition to the prior FDMA 
and TDMA methods. CDMA has several advantages over the 
prior methods, for example spectral efficiency and the 
simplicity of frequency planning. 

3Q In the CDMA method, the narrow- band data signal 

of the user is multiplied to a relatively wide band by 
a spreading code having a considerably broader band than 
the data signal. In known test systems, bandwidths such 
as 1.25 MHZ, 2.5 MHz and 25 MHz have been used. In 

35 connection with multiplying, the dara signal spreads to 
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^ CDMA receiver comprises means, which can be 

. ^^-r-^^i ^rnrs or matched 
implemented for example w..h -J^^^^;;;^^^^ 
filters, for synchronization wi.h 

„nioh is recognized on the basis of ^>^- ^l^t^ to the 
X„ the receiver, the data si.na - J-""^^^ 

T v,ar.ri bv multiplyi-ng xt aga-n i--^ 
origxnal band ^ transmitting stage. Signals 

spreading code as durxng the correlate 

i^iolied by some other spreading code do no 
'" all case and are not restored to the narrow 

in an ideal case an r-psoect to the 

,nev aPP-r thus as — " rsystem are 

aesire. si.nal. The -"---;;t::/L; ..e mutually 

^1 ^^lar— t-(=d in such a way tnax T:.iit;y 
^^T ll i e Hey do not correlate with each other, 
orthogona i^a^ t ^^^^^^ ^^^^^ 3„„,.„^ent, the 

— ^ - ::r "beCwi; r -ran::::::: 
:::-rrec\ti.-r^:^ 

fhe reflections of tne s»xy 
..surfaces Signals which have propagated 
surrounding surfaces. 9 receiver at 

different paths arrive at the 
along different p different transmission 

different times due to the. p^MA and TDMA 

ooMA differs from the conventional fuma 
delays. CDMA differs exoloited in 

in that the multipath propagation =J " ^ 

..e reception of a signal. One way of ; ^ ^^^^ 

•= -to use for example a so cane 
receiver is "co ^^^^ -rake branches. 

--^T-n:h^^ts=r^r.:pern:%re:r umt, the 

rctio? :hlch is to compose an. demodulate one 
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■ received signal component. Each rake branch can be 
caused to synchronize with a signal component which has 
propagated along an individual path, and in a 
conventional CDMA receiver the signals of the receiver 
branches are combined advantageously, for example 
coherently, whereupon a signal of good quality is 
obtained. The signal components received by the receiver 
branches may be transmitted from one base station, or 
in the case of macrodiversity , from several base 
stations. The realization of a rake branch is described 
in greater detail in G. Cooper, C. McGillem: Modern 
communications And Spread Spectrum (McGraw-Hill, New 
York, 1985, Chapter 12). 

In mobile network applications, the use of long 
15 spreading codes provides several advantages- The 

sufficient length of the spreading code enables almost 
an unlimited number of different code sequences (by 
means of which the signals of different users are 
distinguished from one another), the easy application 
of cryptographic algorithms, and the use of the same 
long code at different phases in synchronous networks, 
in connection with using long codes, the magnitude of 
the delay spread is unlimited. 

The use of long codes has been difficult so 
far, however, since there are a number of problems 
related to their use. The code search periods may become 
long whereupon the synchronization is slow. When long 
codes are used, the network should typically be 
synchronous. The receiver must also detect the signal 
30 from a partial correlation result, which does not 

produce an ideal result. In a rake receiver, there may 
occur problems in code search, measurement of impulse 
response, the activation of rake branches to receive 
different signal components, code tracking and 
35 synchronization of transmitter and receiver directions. 
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1. of a system utilizing long codes and having 
An example of a sys . ^ ts-95 standard 

- rris rcr/rat^d :elir.y .e.e.ence. 

---^^^rrPO^se o. present -mention is .o 

...a the use of long codes especially xn a rake 
.eal.ze the u generation of codes and 

receiver xn such a J receiver blocks can be 

the timing between different 

controlled. receiver of the type 

This is achieved wxth the recex 
■H.^ in the preamble, characterized xn that the 
described xn the P ^^^^^ generating a 

receiver ,,,,3 ^.oducing a code sequence 

code sequence, tne rxr -,«ans of which 

ohase and the second means, 

•cnere x= first means. 

• V, =r-+-e: as a reference to tne rxis^ 
15 of whxch acts as a ^ • ro the invention is 

The method according to the 

^ • at least two code generators are 

Characterized xn that at lea ^...^rent signal 

utilized in the search o ^.^^ 
^= of the transmissxon multioixea 

in ».asure..n. =f .he phase, of the 

20 a.sl«d cede a.d in ^^^^ g,,era.o. prcdu=es 

components, so that tne second code 

^ ^ Hoi-ected signal component, 
is attached to a detected g .^.e^tion knows 

The receiver accordxng to tne x 
25 ine . o the phase of the 

.eferenca code ^-^^^^ J^^^j;^;;; .ne process 

Situation, i.e. Whether the receive ^^^^^^^^ 

of searching, measuring J 

demodulating. „ot have to be 

variable-phase code generator do 

Tne code tracking may change tne p 
recorded. Tne coa signal level is 

== . ... - 

35 the receiver of the changes. 
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In the receiver according to the invention, it 
is sufficient in the activation of the rake branches 
that the demodulation branch is informed of the phase 
difference of the desired component with respect to the 
5 reference phase. The amount of the information to be 

transmitted is thus a few bits. For example in the IS-95 
standard, the rake branch should be informed of the 
state of the entire generator, i.e. the contents of the 
shift register, which means a 42-bit message or a 
10 suitable bus for transmitting information. 

In the following, the invention will be 
described in greater detail with reference to the 
examples according to the accompanying drawings, in 
which 

2_5 Figure 1 illustrates a part of a cellular 

system wherein the method according to the invention can 
be applied. 

Figure 2 illustrates in greater detail a 
connection between a base station and a subscriber 
20 terminal. 

Figure 3 shows an example of an impulse 
response typical of a radio connection. 

Figure 4 is a block diagram illustrating an 
example of a receiver according to the invention, 
25 Figure 5 is a block diagram illustrating in 

greater detail an example of a receiver according to a 
preferred embodiment of the invention. 

Figure 6 is a block diagram illustrating in 
greater detail another example of a receiver according 

30 to the invention. 

Figure 7 illustrates a possible way of 

generating spreading codes. 

Figure 8 shows the distribution of a code 
sequence to different correlators, and 
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Figure 9 is a timing diagram illustrating 
measurement of an impulse response. ^,,,,,3, 
Figure I illustrates a part of a celluia 
... wherein the method according to the invention can 
system wherein t-i station 10 which 

n«H The system comprises a base station j. 
be applied- The sys^ subscriber 
has a bidirectional connection 11 to 13 wxrn 

.nals 14 to 16. Each connection typically uses .ts 
terminals 14 to ..formation to be 

r::ed s multiplied and thus spread to a broad 
transmitted is spreading code, the 

rcrrs cardrstinguish the desired signal from the 
r sionals transmitted on the same frequency band, 
other signals tr .^^^.^.^n can be applied and 

Th*= method according to rne xnvc 

receiver arrangement according to the -mention can 
be utilized both in a terminal eguipment and a . a 

Figure 2 illustrates in greater detail the 
hotween a terminal equipment and a base 
connection between a f^om the terminal 

^^■K^or, in the transmission direcrion 
station m xine , n ac: described above, 

^ 14 to the base station 10. As desc^-u« 
e,„.p.ant 14 ^° ,„„,,on»,Bnt the signals between 

in a typical f ^^^^ p.cpagate along 

a terminal equipment and a D „,„3„itter and the 

, ^(ffarent paths between the transmitter 
several different P ,^^3 mainly due 

receiver. This mult p surrounding 
" ^^^rrgure hcws%he%ropagation of the signal 

rrr Lrri e^uipment . aion 
-:j:/r:hiu^^r:::rb:Ta;ied signal 

these Signals, wnii-i different 

have propagated along paths of Oi-. 
components, have P ^ receiver, they 

lengths between the "-"J different times and 

,rrive at the receiver at slig ^ ^^^^^^ 3 
with different phases. This ^^^^^^ 
which shows the impulse response of the ra 
by way of example. The aforementioned three g 
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components are visible in the impulse response as peaks 
30 to 32 that are not simultaneous. The function of the 
CDMA receiver is to measure the impulse response, i.e. 
to find the different signal components of the 
5 transmitted signal within a certain delay window, to 

synchronize itself, to demodulate the desired signal 
components and to combine the demodulated signals 

advantageously . 

Figure 4 is a block diagram generally 

10 illustrating an example of a receiver according to the 

invention. The receiver according to the invention 
comprises an antenna 40 receiving signals that are 
supplied to radio- frequency parrs 41, wherein a signal 
is converted to an intermediate, frequency. From the 

15 radio- frequency parts 41 the signal is further supplied 

to converter means 42 wherein the received analog signal 
is converted into digital form. The described radio- 
frequency parts 41 and the converter means 42 can be 
implemented with known manners. The receiver further 

20 comprises a rake receiver block 43 wherein the received 

signal is demodulated, and means 45 for decoding the 
signal . 

The rake receiver block 43 comprises channel- 
estimation means 44, a number of demodulator branches, 

25 or rake branches, 46a to 46c, and means 47 for 

advantageously combining the demodulated signals. The 
function of the channel-estimation means 44 is to 
perform on the received signal the search for the 
signals transmitted with the desired spreading code, the 

30 initial synchronization thereof, and the measurement of 

the channel impulse response, i.e. the search for and 
measurement of the different signal components of the 
signal multiplied with the desired spreading code within 
a certain delay window. On the basis of the measurements 

35 performed by the channel-estimation block 44, the rake 
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branches 46, to 46C are activated to receive each their 
own Signal component. The strongest signal components 
are typically selected for the demodulation. When the 
receiver is a subscriber terminal receiver, the channel- 
S estimation means 44 are also intended to search for the 

signals of the neighbouring channels. 

The number of the rake branches 46a to 46c in 
the receiver depends on the application wherein the 
receiver is used. In a cellular network, the criterion 
Is the number of the multipath-propagated Signal 
components to be distinguished from the radio channel^ 
^Lh ra.e branch can be activated to receive one signa 
exponent. The spectrum of the wide-band signal 
component received in the raKe branch is composed by 
correlating the signal component with a reference s.g al 
which is at a corresponding phase as the delay of the 
Zt Signal and which may be a signal produced by a 
biLry code generator, .ata concerning -^^-^ °' ^ 
received signal component, which is regu.red for the 
synchronization of the ra.e branch with the Signal 
tLs obtained from the channel-estimation means 44. 

The composed signal is demodulated in the rake 
branch either coherently, incoherently or differentially 
coherently, according to the modulation of the received 
Zl If coherent demodulation is used, the phase of 
::rs"gn=. m.st be known. . data-unmcdulated pilot 
Signal is typically used for the estimation of th.s 
:hase as it is known to a person skilled in the art^ 
The code Phase of the signal received in the rake branch 
monitored with a code-tracking loop which may utilize 
:IZT:L. signal or a pilot signal. The signal 
,H,t are received and demodulated in the 
ri:re:rnrrate branches are advantageously combined in 
::: : ens ... ror the combining, the 

•.ht=d in a desired manner in the rake branches. 
35 wergntea xn <a ^ 
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Optimal diversity combination is thus performed on the 
signal components in the means 47 . The combination of 
rhe signal components may be either coherent or 
incoherent, depending on the application. The means 47 
5 further comprise a decision logic, which makes either 

a hard or a soft decision from the information symbols 
of the combined signal. The detected symbols are further 
supplied to a channel decoder 45. The combining means 
47 can be realized in known manners in the receiver 

10 according to the invention. It is evident for a person 

skilled in the art that the receiver naturally comprises 
also components other than the ones described above, for 
example filters and speech coders depending on the type 
of the receiver, but for the sake of simplicity they 

15 have been left cut as components not essential to the 

invention . 

In the following, the block diagram of Figure 
5 is used to describe in greater detail a part of a 
receiver implementing a preferred embodiment of the 

20 invention, and the function of the receiver. The 

receiver thus comprises a channel -estimation block 44 
the function of which is to locate and measure signal 
components multiplied with a desired spreading code. The 
receiver according to the invention comprises in the 

25 channel-estimation block 44 at least two code generators 

51, 52 the output of which provides the desired 
spreading code having the desired phase. In the 
beginning when the receiver is not yet active, the code 
generators 51, 52 are initialized to the same phase. A 

30 typical code generator produces an M sequence, and in 

such a case the desired generator polynome and the 
initial state of the coder are initialized in the 
generator. A possible implementation of the generator 
is described further on. The coder may be started for 

35 example by means of an ex-cernal starting signal. 
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Code search 

The code generator 51 produces a code sequence 
^ha. is at the original phase and that is supplied to 
a number of correlators 53a to 53c wherein the received 
sianal is correlated. Figure 8 shows In greater deta.l 
= r distribution o. the code sequence .ro. the code 

^ ^ to the different correlators 53a to 53c. 
rnr:::: seguelce is suppned to the different 
correctors preferably via delay units BOa, eob^ 
correxd , =3= to 53c calculates the 

whereupon each correlator 

correlation with a sequence tha . .s at a ^ J J 
different phase with the input signal oO and the code 
IL This provides parallel calculation for 
sequence. This P correlators 53a 

cii<~i-'©ssive satnpxes . me 

53= in the Channel estimator „ay vary --nd.ng on 

.^-^r, Thf> correlation results of tne 
the application. Tne 

lorrelltors are supplied to a „easure.ent-analys ng 
54 -herein the obtained result is compared with 
a given threshold value, which reveals whether the 
receTved signal level is sufficiently h.gh. If no s.gnal 
has :::n de'tectea, the code phase of the ° 
5, IS shifted to the next code phase according to the 
L red measurement resolution. New measurements are 
prrformed with the new code phase in the ^ 
to 53c and the results are analyzed in the bloc>= 
The operation continues until a sufficiently strong 

signal can be detected. 

When a sufficiently strong signal leve- is 
^h. Phase of the code generator 51 Is not 
T"'I but thrcorrelatlon result is calculated 
" : rrat'tires with the same code phase, and the average 

sirnal level is calculated with tha aforementioned code 
ph!se. If the Obtained averaged measurement — " 
H that a sufficiently strong signal component is 

1 with this code Phase, the code phase is 
35 received witn 
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accepted as the correct one for the signal that is 
searched for. Otherwise the search is continued by 
changing further the phase of the code generator 51 
according to the desired measurement resolution. The 
code phases are systematically checked with this method 
until the desired signal is found. 

When the signal components and the 
corresponding code phase of the desired signal have been 
found in the above-described manner, the code timing of 
the rake receiver can be initialized on the basis of the 
received signal in such a way that the code phase with 
which the signal was found is set as the reference 
phase. This is done by initializing the phase of the 
reference code generator 5 2 to the same phase as the 
phase of the generator 51 which is thus the same code 
phase with which the signal was found. The phase of the 
reference code generator 52 is kept constant, i.e. it 
acts as a reference for the other code generators of the 
receiver. Its phase is not changed during the code 
search as in the case of the first code generator 51. 
The phase of the reference code generator 52 is only 
altered if the total timing of the receiver changes. 

In the receiver according to a preferred 
embodiment of the invention illustrated in Figure 5, 
25 each rake branch 46a, 46b comprises two code generators 

56a, 58a, and 56b, 58b, respectively, the output of 
which provides the desired spreading code at the desired 
phase. AS in the channel-estimation block 44, in each 
rake branch one code generator 58a, 58b is reserved as 
a reference generator. When the code search produces a 
signal, the corresponding code phase is initialized not 
only in the reference code generator 52 of the channel- 
estimation block, but also in each reference code 
generator 58a, 58b of the rake branch by means of a bus 
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58b of 



60 All the reference code generators 52, 58a, 
rn^ receiver are thus always at the same phase. 

Figure 6 illustrates a second embodiment of the 

^ :::: jr:r.. « ... — «^ - r 

TKls re,uir.s less ==.poner,« than *e a«a.ge..n. of 
rllure 5, but the a-ncunt of the information to he 
tta:;:Lttea between different parts of the receiver i. 

10 greater. ^ 3^ ^3,^ 3, spreading codes, 

nloh is typical, the sequences are generated by means 
"sht registers, and the code phase is then 
!nit ali.ed by setting the state of the coder, i.e. the 
contents of the shift register, to the desired one . Ih 
this case, the contents of the shift registers of the 
Tode generator 51 are copied to the shift °^ 
rht r^ferenoe code generator. This can be -^^-^^/^ 

^ ^ parallel output and a load pulse. 
*»xamDle by means of a paraixex ou 

example oy record, during the search, 

rrnrbrof c:de p:ases stepped in the gene t 
.i and to Shift the phase of the J H 

by adding the same numoer of steps 
Changing the cloc. frequency or by increasing 

25 decreasing clock pulses. 

impulse response measurement 

When the signal multiplied with the des.red 

„ rr-:.... ™ r. 

desired number of ditrereuw ay . ^ v,f» 

thlraxe branches 46a to 46c of the receiver could be 
r Lzld The operation of the channel-estimation 
ro' is in prihCipL Similar to the code search. The 
3S Phase Of the code generator is changed and a measurement 
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is performed for finding a transmission. However, since 
at least one code phase with which a signal is 
transmitted is known, the desired signal is now assumed 
to exist at certain code phases, whereupon the code 
5 phases have to be checked only within a delay window of 

a certain size. The size of the delay window, i.e. the 
greatest mutual delay difference between the different 
signal components of the same transmitted signal, 
depends on the propagation conditions of the radio 
10 signals, and in the cellular environment a suitable 

value can be selected as the delay window from the 
different propagation environments. All the significant 
multipath-propagated components of the signal, which can 
be utilized by the demodulator branches of the rake 
15 receiver, are assumed to fit inside this delay window. 

in the example of Figure 3, the delay window should 
contain three signal components 30 to 32, and a suitable 
window size would be the time window between t.he times 
33 and 34 on the horizontal axis. 
20 During the measurement of the impulse response, 

the phase of the reference generator 52 is not changed. 
The phase of the first code generator 51 is stepped over 
the delay window with the desired measurement 
resolution, which may differ from the resolution used 
25 in the code search. The analysing block 54 collects the 

correlation results in an amount corresponding to the 
delay window. The analysing block may also control the 
recharging of the code generator 51, i.e. it may shift 
the code phase of the generator 51 back to the beginning. 
30 of the delay window. The measurement results obtaxned 

from each round of measurements are averaged to a fxnal 

impulse response. 

The timing diagram of Figure 9 illustrates the 
search for the impulse response. The code sequence is 
35 denoted by a line 90 and the correlators are stepped 
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20 



25 



30 



35 



according to the given measurement resolution 91 to 94, 
Whereupon the measurement results provide in the example 
of the figure partial correlations 95 to 98 by means of 
which the different delay components can be detected 
When the desired measurement window has been examined 
once for example after the measurement 94, the system 
goes back to the beginning of the delay wxndow to 
measure from the area 91 for the purpose of averaging 

If the total timing of the received signal 
Changes, which may result for example from ^ ^^^^^ 
1:he distance between the terminal equipment and the base 
station, the place of the delay window is altered by 
stepping the code phase of the reference code generator 
52 either backward or forward to correspond to the new 
timing. Margins comprising no received signal should be 
left before and after the delay window to be measured 
for a change in the timing. This ensures that changes 
forward and backward in the timing of the received 
Signal are detected. In the example of Figure 3, -rg.ns 
35, 36 have been left in the beginning and end of the 

delay window. 

The changes in the timing may be monitored in 
the receiver by calculating the total energy of the 
Signal over a certain delay spread, which i= .mailer 
thin the measurement window. The energy of the srgna 
can be calculated in a delay window situated in several 
different places within the measurement window. The 
measurement window determined by the "^--^ J""'; 
generator 52 should be preferably positioned rn such a 
Ly that the entire delay spread of the signal iS 
centred in the middle of the measurement window, 
activating the rake branches 

The measurement result of the impulse response 
is compared with a given threshold level and signal 
components exceeding this level can be utilised in the 
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receiver. The desired signal components can be received 
each with its own rake branch, demodulated, and combined 
advantageously. The activation of demodulation occurs 
by informing an available rake branch of the code 
5 generator phase corresponding to the signal component. 

In the receiver arrangement of Figure 5, the 
rake branch is informed of the desired code phase as a 
relative difference to the phase of the reference code 
generator. The reference code generators 52, 58a, 58b 

10 of both the channel-estimation block 44 and all the rake 

branches 46a, 46b are at the same phase in the 
arrangement according to the invention. Data concerning 
the relative difference can be transmitted from the 
channel-estimation block to the rake branches by means 

15 of a few bits, i.e. the data does not require a long 

transmission time but it can be forwarded quickly, and 
no fast bus interface is required for the transmission, 
but a slower connection 61 is sufficient. In the rake 
branch, the code generator 57a, 57b is first set to the 

20 same phase as the reference code generator, and a number 

of steps, determined by the relative difference, are 
taken until the correct phase is obtained and the 
detection and monitoring of the desired signal component 
can be started. The reference phase is thus needed in 

25 the rake branches only in activation situations. 

In the arrangement of Figure 6 wherein the 
reference code generator 52 is shared, the allocation 
of the rake branches occurs correspondingly in such a 
way that the phase of the reference code generator is 

30 loaded into the code generator, and the phase is 

deflected with a number of steps determined by the 
relative difference. As distinguished from the above, 
the reference code generator 52 and the code generators 
should be connected with a fast bus 62 over which the 

35 data concerning the generator state is transmitted. The 
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a«a concerning the relative difference can 
transmitted over a slower line 61, as above. 

The structure of the code generator xs not 
slcnlfioant In the receiver according to the Invention 
^uHhe invention is applicable with code generators of 

■ rH t/pes. .n example of a possible - 

e code generator is the aforementioned shift "^-te 
Structure with which H sequences that are generally used 
aHpreadlng codes can be generated. Figure 7 is a bloc« 
as spread 9 possible way of implementing a 

0 diagram illustrating P register. The shift 

code generator by means of a shil^ reg 

iTJt.r comprises m stages 70 to 73 which are connected 
In series and In which a modulo-Z adder 74a, 74b .s 
!Id to the outputs of so»e stages via weighting 
, Terfrclerts 7aa, 7Sb, the output of the being 

. -75^ Ai 1 the staqes 70 to /J art; 

-P^H haf-k to an input 75. AXi tne & i-oy 

timed I multaneously by means of a common clocK slgna 
,6 Whenever a cloc. pulse arrives, a new binary number 

arrives at the output 77. ^ . 

a specific Phase of a specific code is to 
be set in t'he generator of the type described above^ the 

— r bt iXt:L^:it":rbVi:nV:f 

ro:t!:::":The":ading and writing operations of the 

^o«.nr 54 or by means of fixed connectxons. 
25 processor 54, or described above 

Even though the xnvention xs descrx 

s^h reference to the examples according to the 
with reference invention 
accompanying drawings, xt - ^^^^ \ 

r,or restricted thereto, but xt can oe 
iS not restrxc-c inventive idea 

30 many ways within the scope of 

disclosed in the appended claims. 
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Claims 



15 



1. A receiver for use in a system wherein a 
5 signal to be transmitted is multiplied with a code 

sequence characteristic of each connection, the receiver 
comprising means (44) for estimating a channel, and one 
or more demodulator means (46a - 46c), and means (47) 
for combining signals received from the demodulator 
10 means (46a - 46c), characterized in that 

the receiver comprises a number of means (51, 52, 56a, 
56b) for generating a code sequence, the first means 
(51, 56a, 56b) producing a code sequence at a variable 
phase and the second means (52), of which there is at 
least one, produce a code sequence the phase of which 
acts as a reference to the first means (51, 56a, 56b). 

2. A receiver according to claim 1, 
characterized in that the phase of the code 
sequence generated by the second means (52) is the same 
as the phase of a code sequence contained in a received 

signal component . 

3. A receiver according to claim 1, 
characterized in that the means (44) for 
estimating a channel comprise means (53a - 53c) for 
correlating a received signal with a code sequence which 
is generated in the first means (51) for generating a 
code sequence, and means (54) which measure the 
magnitude of the correlation performed in the 
correlation means, and means (54) which control the 

30 phase of the code sequence of said first generation 

means ( 51 ) • 

4. A receiver according to claim 1, 
characterized in that the means (44) for 
estimating a channel and a group of demodulator means 

35 (46a, 46b) each comprise one first means (51, 56a, 56b) 
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15 



20 



25 



30 



aenera1:ing a variable-phase code sequence and one second 
leans (52^ 5Ba, 58.) generating a code sequence acting 

as a reference. 

5 A receiver according to claim 1, 
characterized in that the means (44) for 
estimating a channel and the group of ----^^ ^12] 
(46a, 46b) each comprise one first means ^5^' ^^^^ 

^.-oo a variable-phase code sequence, and that the 
re:::::r=c:Xs one%ec=na ..a.. .en....... a 



10 code sequence acting as a reference 

^° 6 A receiver according to claim 3, 

racterized in that the means (44) for 



5. A receiver according to 

LLL'.in/a'/.a:n:r=;.p.is. »eans < , for in.=r„in. 
estimating cj =:ituated in the 



Sfihi^ situatea m i-"«= 

i-he first generator means (56a, 56b) 
the first g desired code phase 

demodulator means (46a, 4&d; o „rher 
relative deviation from the code phase of the other 

generation means (52, 58a, 58b). 

7 A method for generating spreading codes in 
a receiver' in which method a signal to be transmitted 
s multTplied With a code sequence characteristic of 
xs multiplied receiver signal components 

each connection, and in which rece. y 

^ .^h desired code are sought from tne 

signal components of the rra chases 

and in the measurement of the phases 
the desired code and m tne 

^ «o that the first code generator (51) 
of the components, so that tne second 

CO.. a variable-phase code sequence, and the seco 
produces a vanaDie p sequence the phase 

code generator (52) produces a code seq 

\ K • attached to a detected signal component, 
of which IS attacnea t.^ 7 
A method according to claim 7, 
c t e r i z e d in that the phases of the 



8 

35 c h 3 r a 
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detected signal components are multiplied to the 
different demodulation blocks (46a - 46c) of the 
receiver as relative deviation of the phase of each 
component from the phase of the code sequence used as 

5 a reference. 

9. A method according to claim 7 or 8, 
characterized in that when the first signal 
component is searched for in the beginning of the 
connection, the phase of the first code generator (51) 

10 is stepped with the desired resolution, and the 

correlation between the received transmission and the 
sequence generated by the first generator is calculated 
at each step until the calculated correlation exceeds 
a given threshold value, and that the code phase of the 

15 first generator at which the correlation was exceeded 

is copied to the second generator. 

10. A method according to claim 9, 
characterized in that the second code 
generator (58a, 58b) of each demodulation block (46a, 

20 46b) is initialized to the same phase as the second code 

generator (52) of the search block. 

11. A method according to claim 9, 
characterized in that when the phases of 
the different components of the signal multiplied with 

25 the desired code sequence are measured from the received 

transmission, the first. code generator (51) is stepped 
with the desired resolution around the phase of the 
second code generator (52) in a time window of desired 
size 
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